1. Introduction {#s0005}
===============

It is widely acknowledged that anthropogenic litter poses a significant threat to marine ecosystems ([@bb0065]; [@bb0210]; [@bb0125]; [@bb0020]). Of particular concern are waste plastics, which have been found in some of the most remote marine habitats (e.g. [@bb0085]; [@bb0230]; [@bb0155]) and can harm marine organisms and habitats in a variety of ways. The best documented threats are ingestion and entanglement ([@bb0105]; [@bb0125]), but plastics can also smother benthic habitats ([@bb0100]), facilitate the introduction of invasive species ([@bb0015]; [@bb0105]) and have been linked to increased risk of disease in coral reefs ([@bb0135]). Ingested plastics can leach chemicals into the digestive tracts of organisms in potentially toxic concentrations and these chemicals can in turn be biomagnified through marine food webs ([@bb0140]; [@bb0220]; [@bb0110]). Given the many negative effects they can have on the natural environment, plastics have been identified as a significant threat to marine biodiversity ([@bb0065]; [@bb0145]; [@bb0070]). Effective mitigation measures are therefore urgently required to reduce the amount of plastic litter entering the marine environment.

Long-term monitoring is an essential part of any mitigation strategy as it is the best way of assessing whether mitigation measures are effective ([@bb0190], [@bb0205]). Monitoring can also detect the emergence of novel pollutants and ensure that compliance standards are met ([@bb0205]). For plastics and other anthropogenic litter, most long-term monitoring studies have focused on sandy beaches as these are easily accessible and beach surveys are much cheaper than at-sea surveys ([@bb0090]; [@bb0205]). Monitoring litter on sandy beaches has shown that plastics often make up the largest proportion of stranded anthropogenic litter (e.g. [@bb0215]; [@bb0160]; [@bb0115]; [@bb0030]) and have been useful in identifying potential sources of litter. For example, annual surveys conducted between 1991 and 2002 of a remote beach in the Great Australian Bight indicated that most stranded litter was from commercial fishing activities ([@bb0075]). Conversely, a ten-year survey of British beaches showed that most plastics were from local, land-based sources ([@bb0160]).

In comparison to sandy beaches, few studies have quantified temporal trends in litter trapped on rocky shorelines ([@bb0225]). A review of 83 papers showed that more than 80% of shoreline litter surveys were conducted on sandy beaches, 15% on gravel, pebble or boulder beaches and \<5% surveyed rocky platforms, mangroves, salt marshes or coral beaches ([@bb0025]). The few studies that have looked at rocky areas have shown that different types of litter strand on rocky shores compared to sandy beaches. For example, while plastics were the dominant form of litter on both a sandy and rocky shore in northern-central Chile, expanded polystyrene was five times more abundant on the rocky shore than the sandy beach ([@bb0225]) and glass was more abundant on rocky shores than sandy beaches in both Australia ([@bb0255]) and California ([@bb0150]). In Taiwan, while plastics made up a larger proportion of litter on beaches than rocky shores, litter loads were significantly higher on rocky shores, which suggests that increased cleaning efforts are required on rocky shorelines ([@bb0130]). Together, these studies suggest that the litter profiles differ between rocky and sandy shores. However, there have been few long-term studies of litter accumulation on rocky shores to assess the consistency of these patterns (but see [@bb0225]).

In South Africa, sandy beach surveys of macroplastics and larger microplastics date back to the 1980s and show that litter is consistently concentrated around large coastal cities ([@bb0185]; [@bb0200]; [@bb0180]). A similar pattern has recently been shown for smaller microplastics and microfibres ([@bb0060]), suggesting that most litter comes from local, land-based sources ([@bb0180]; [@bb0205]). Similarly, local packaging made up the largest proportion of litter collected from five sandy beaches in Cape Town and most litter showed signs of having been transported by rivers or canals ([@bb0030]), suggesting that urban run-off is a major source of litter ([@bb0245]). However, no studies have quantified litter loads on South African rocky shores. To fill this knowledge gap, we conducted monthly litter collections over a three-year period at a rocky intertidal shore of Muizenberg and compared this to two nearby sandy beaches. Muizenberg is a popular recreational beach on the northern shore of False Bay ([Fig. 1](#f0005){ref-type="fig"} ), a highly productive marine area which is of considerable socio-economic importance to the growing Cape Town metropolis ([@bb0165]). We focused on litter trapped in the intertidal as this is a zone of high biotic diversity and thus likely to have more interactions between biota and litter.Fig. 1Maps of the study area showing (A) False Bay and (B) a Google Earth image of Muizenberg beach with the white boxes indicating the three areas where clean ups were conducted. Box S1 in panel B shows the sandy beach surveyed in tandem with the rocky shore for three months in 2019 and box S1 shows the sandy beach immediately adjacent to the rocky intertidal shore which we cleaned daily during the Covid-19 pandemic, when the beach was closed to the public. The box on the left in Panel B shows the rocky intertidal shore where we conducted monthly litter collections between May 2015 and March 2018 which is shown in more detail in Panel C.Fig. 1

2. Materials and methods {#s0010}
========================

2.1. Field protocol {#s0015}
-------------------

Clean-ups of 125 m of the intertidal rocky shore at Muizenberg ([Fig. 1](#f0005){ref-type="fig"}) were started in March 2015 on the new moon spring low tide and have continued on each successive new moon spring low tide since then (i.e. approximately monthly). Litter collected in March and April 2015 was discarded to ensure that most litter buried in the sandy sections between rocks had been removed, so that collections represented accumulations of litter which had arrived over the preceding 28 days. Clean-ups have continued monthly since 2015, but we stopped processing litter after March 2018, apart from July--September 2019, when we again processed the litter to compare with monthly accumulations from a nearby sandy beach (see [Section 2.2](#s0020){ref-type="sec"} below). Because two new moon spring tides occurred in October 2016, the results are based on 39 sampling events.

Clean-ups were conducted by a group of volunteers supervised by at least one researcher who together systematically checked the entire study area. All litter was collected, but that from the high-shore strandline and the mouth of a small stream that enters the study area was discarded, because we were interested in litter trapped in the intertidal zone. The collected litter was transported to the University of Cape Town where items were examined for epibionts, washed and oven-dried at \~40 °C and then weighed to the nearest 0.1 g. We categorised all litter items according to their material ([Table 1](#t0005){ref-type="table"} ) and their functional type: plastic packaging such as food wrappers, bottles, tubs, and bags/packets (which included carrier bags, ziplock bags and other non-food related packets); disposable items such as cotton buds, plastic cutlery, straws, cable ties and disposable gloves; and user items such as ropes, toys, shoes and fishing gear. The buoyancy of each item was tested by placing the clean item in a beaker of freshwater.Table 1Composition by number and mass (kg) of the types of litter collected from the rocky intertidal shore of Muizenberg beach, South Africa and two nearby sandy beaches. The large wash up of litter on the rocky shore in November 2017 is shown separately. All sampling events of the rocky shore and sandy beaches have been combined to provide an overall comparison. Sample size refers to the total number and mass (kg) of items collected on each shore.Table 1Rocky intertidal shoreSandy beachNov 2017Other months% n% mass% n% mass% n% massAll plastics988274319678 Cigarette butts\<1\<12\<13\<1 Packaging54284887818 Disposable user883171 Non-disposable user5221621860 Miscellaneous hard pieces312451\<1\<1All non-plastics2182669422 Brick/ceramic00\<13\<1\<1 Cloth/leather215311\<1\<1 Glass\<11192535 Metal\<1\<124\<13 Rubber\<1\<1\<123\<1\<1 Wood00\<13\<113 Other\<1\<1\<1\<1\<1\<1 Sample size8,7331111,1912077,95465

2.2. Comparative sandy shore surveys {#s0020}
------------------------------------

The sandy beach immediately adjacent to the study area is cleaned regularly by the City of Cape Town municipality, and thus comparative monthly accumulation data could not be collected from this beach. We therefore cleared all litter from a 400-m stretch of sandy shore 2 km east of the study area (S1 in [Fig. 1](#f0005){ref-type="fig"}B), in an area where few people visit and there is no formal cleaning effort. Monthly accumulations from this site were collected for three months (July to September 2019) on the same day as the spring low tide collections on the rocky intertidal shoreline. During the COVID-19 lockdown in April 2020, beaches were closed, and no beach cleaning occurred. We obtained a permit to collect litter at both this site and the sandy beach adjacent to the study area (S2 in [Fig. 1](#f0005){ref-type="fig"}B). We sampled newly-arrived litter daily for 10 days, which allowed us to compare litter densities and composition at the two beach sites without interference from beachgoers. However, these data can only provide a qualitative assessment of litter differences between rocky and sandy shores because the greater frequency of sampling affects estimates of both arrival rates and litter composition (through faster turnover of light-weight items; [@bb0195]).

2.3. Data analyses {#s0025}
------------------

An exceptional wash up of litter occurred in November 2017 when litter loads were an order of magnitude greater than in other months. To assess whether there was a difference in the proportion of plastic and other litter trapped on the rocky shore in this month compared to other months, we used chi-squared goodness of fit tests (with Yates\' correction for continuity where appropriate). We also used chi-squared goodness-of-fit tests to compare the proportion of floating litter stranded in November 2017 to that stranded in other months, as well as the proportion of litter with and without epibionts. Excluding November 2017 as an outlier, neither the number (Shapiro-Wilk normality test, W = 0.85, *p* \< 0.001) nor the mass (Shapiro-Wilk normality test, W = 0.72, *p* \< 0.01) of items collected between May 2015 and March 2018 were normally distributed. We therefore report median values and interquartile ranges but have also included means and standard deviations to allow easy comparison to other studies. To account for the data being non-normal, we used a Spearman-rank correlation to test if there was a significant correlation between the number and mass of items collected each month.

To assess which factors best explain the variation in monthly litter loads, we used Generalised Linear Models (GLM). We fit two models, one using the total number of litter items collected each month as the response variable and one using only the number of plastic packaging items as the response variable. For both models we only used data collected from the rocky intertidal shore between May 2015 and March 2018 as this represented a continuous data series and excluded November 2017 as an outlier. To account for the data being over-dispersed, we used a negative binomial distribution and fit the models using the MASS package in R version 4.0.0 ([@bb0240]; [@bb0170]). We grouped sample months into seasons (autumn = March--May; winter = June--August; spring = September--November; summer = December--February) and included season as an explanatory variable as well as total monthly rainfall (mm). Rainfall data were collected by the South African Weather Service at the Royal Cape Yacht Club (33.9206°S, 18.4431°E), approximately 20 km from our study site. This represents rainfall across the Cape Flats, the major source of land-based litter to the study area.

3. Results {#s0030}
==========

3.1. Rocky intertidal litter composition {#s0035}
----------------------------------------

A total of 19,924 items (4.1 ± 10.9 items∙m^−1^∙month^−1^, median = 2, IQR = 1.3--3.2) weighing 219 kg (44.8 ± 42.8 g∙m^−1^∙month^−1^, median = 31, IQR = 19.4--51.9) were collected on the rocky intertidal shore between May 2015 and March 2018 and July--September 2019. Of this, 44% by count (but only 5% by mass) was recorded in November 2017 when a large wash up of litter occurred ([Fig. 2](#f0010){ref-type="fig"} ; [Table 1](#t0005){ref-type="table"}). In this month, the team of researchers and volunteers collected 8,733 litter items (69.9 items∙m^−1^), which was 10--160 times more than collected in any other month (range = 53--910 per month; [Fig. 3](#f0015){ref-type="fig"}A). This count underestimated the actual amount of litter because collection efforts were limited to 2 h due to the incoming tide. We report on the composition of litter in this unusual event at the end of this section, as it differed substantially from all other months.Fig. 2Photograph A shows the type of litter that washed up on the rocky shore of Muizenberg beach, South Africa in November 2017 when litter loads were exceptionally high. Photograph B shows a barely visible heavily fouled plastic bag buried in the sand. The same bag is shown in photograph C once it was dug out, with large mussels and an anemone attached to it.Fig. 2Fig. 3Seasonal variation in litter loads (A) per month and (B, C) per season for (A, B) all litter items and (C) plastic packaging stranded on the rocky shore of Muizenberg, South Africa between May 2015 and March 2018. November 2017 has been excluded as an outlier. In the boxplots, the thick middle lines show the median number of items and the thin horizontal lines show the interquartile range. The large black circles show the mean while the coloured circles show outliers.Fig. 3

Excluding November 2017, 11,191 items (2.4 ± 1.7 items∙m^−1^∙month^−1^, median = 2, IQR = 1.3--3.1) weighing 207.2 kg (43.6 ± 42.7 g∙m^−1^∙month^−1^, median = 31, IQR = 19.4--49.4) were collected from the rocky intertidal shore. The average weight of litter items was 18.5 ± 216.0 g (median = 1.2 g, IQR = 0.2--6.0) with 72% of items weighing \<5 g, 82% \<10 g and 88% \<20 g. The three heaviest items were pieces of car tyre that weighed 12.7 kg, 12.5 kg and 12.3 kg. Fourteen other items weighed \>1 kg: three pieces of polypropylene rope, three pieces of pipe (one cement, one asbestos and one plastic), a large piece of wood, a piece of metal, a blanket, a plastic milk crate, a large piece of rigid plastic, another piece of rubber tyre, a carpet and a metal mop head.

Excluding November 2017, 74% of litter was plastic (range 42--99%), although non-plastics made up 69% of the mass of litter (range 14--92%, [Table 1](#t0005){ref-type="table"}). Almost half of all litter items were pieces of disposable packaging ([Table 1](#t0005){ref-type="table"}) and packaging was consistently the most common type of plastic litter found each month, constituting 71 ± 15% (range 42--99%) of plastic litter per month (38 ± 19% by mass, range 8--86%). The most common types of packaging were bags/packets and single-use food packaging, which together made up 68% (64% by mass) of disposable packaging found on the rocky intertidal shore. Many of the larger bags/packets were found buried in sandy sections of rockpools, so their abundance may have been underestimated.

During the anomalous stranding event in November 2017, 98% of litter was plastic, appreciably more than in other months (χ^2^ = 2118.4, df = 1, *p* \< 0.001; [Fig. 4;](#f0020){ref-type="fig"} [Table 1](#t0005){ref-type="table"}). Most plastic items in November 2017 were pieces of larger items, particularly fragments of unidentified hard plastics ([Table 1](#t0005){ref-type="table"}) or pieces of plastic packaging ([Fig. 2](#f0010){ref-type="fig"}A), and over half (56%) were negatively buoyant (significantly more than in other months: 39% overall; χ^2^ = 585.0, df = 1, p \< 0.001; [Table 2](#t0010){ref-type="table"} ).Table 2Number of plastic and non-plastic litter items collected from the rocky intertidal zone of Muizenberg beach, South Africa in November 2017 and other months (May 2015 to March 2018) and the proportion of each category that was positively buoyant.Table 2November 2017Other monthsTotal n% floatsTotal n% floatsAll plastics854045777478Cigarette butts248320297Disposable user666834875Miscellaneous hard pieces2732549760Packaging471475504292User40413168541All non-plastics193524698Total (all items)87334410,24361

3.2. Rocky intertidal temporal trends {#s0040}
-------------------------------------

Excluding November 2017, litter loads were slightly higher in the first (May 2015 to April 2016, median = 249 items∙month^−1^, IQR = 173--516) and third (May 2017 to March 2018, median = 227 items∙month^−1^, IQR = 169--395) years of the survey than the second year (May 2016 to April 2017, median = 164 items∙month^−1^, IQR = 108--270) ([Fig. 3](#f0015){ref-type="fig"}A). While there was considerable variation between months, the greatest numbers of items were recorded in May 2017 (910 items) and November 2015 (826 items) ([Fig. 3](#f0015){ref-type="fig"}A), whereas the greatest masses of litter were collected in July 2017 (23.7 kg) and June 2016 (20.9 kg). Overall, there was a significant correlation between the number and mass of items collected in each month (r~s~ = 0.62, p \< 0.001), but the relationship was weakened by the disproportionate contribution of a few very heavy items in some months (Fig. S1). While there was no significant effect of rainfall on the number of items per month, the GLM showed that litter loads were significantly higher in autumn than in summer ([Fig. 3](#f0015){ref-type="fig"}B; Table S1). Plastic packaging was significantly more abundant in autumn than in spring or summer ([Fig. 3](#f0015){ref-type="fig"}C; Table S1).

3.3. Biotic interactions on rocky shores {#s0045}
----------------------------------------

Epibionts such as mussels, algae and barnacles ([Fig. 2](#f0010){ref-type="fig"}B, C) were visible on 41% of litter stranded in November 2017, significantly more than in other months (18% overall; χ^2^ = 1280.2, df = 1, p \< 0.001). This suggests that the items washed up in November 2017 had been at-sea for an extended period of time. The most common epibionts were mussels (found on 73% of items with epibionts) and algae (19%), but a wide diversity of other species was also found on intertidal litter, including balanoid barnacles, bryozoans, sea anemones, sea cucumbers, starfish, *Spirorbis* worms, other polychaete worms, limpets, chitons and other molluscs. One of the surprising findings was how sand completely filled many of the flexible packages containing only tiny entrance holes (e.g. Tetra Pak liners, drink sachets, ice lolly packets), creating solid 'brick bags' that provided a firm substrate for the attachment of sessile marine organisms. Although most mussels were small (\<1 cm), some were up to 5 cm long, suggesting that litter items had been in the area for longer than the 28-day period between collections.

In addition to providing a novel substrate for benthic organisms, the rocky shore biota also contributed to trapping litter in the intertidal zone. Fishing line and other fibrous items were often entangled in seaweeds and, to a lesser extent, in mussel beds and among barnacles. Cape urchins *Parechinus angulosus* occasionally used plastic items as sunshades, and plastic fragments were occasionally found adhered to the sides of sandy anemones *Bunodactis reynaudi* and cask sea cucumbers *Pentacta doloiolum*, both of which often adorn themselves with shell fragments. In addition, sandy anemones sometimes ingested plastic bags and other litter items.

3.4. Comparisons between rocky and sandy shores {#s0050}
-----------------------------------------------

Following an initial clean in June 2019, 2,793 items (10.2 kg) accumulated on the 400 m-long sandy beach between July and September 2019, compared to 948 items (23.6 kg) collected from the rocky intertidal (125 m) in the same months. On average, 2.3 ± 0.3 items∙m^−1^∙month^−1^ (median = 2.5, IQR = 2.3--2.5) were collected on the sandy beach, which was similar to the 2.5 ± 0.8 items∙m^−1^∙month^−1^ (median = 2.8, IQR = 2.2--3.0) collected on the rocky shoreline. However, the rocky shoreline data excluded high-shore litter, and so the two values are not directly comparable. The average mass of items on the rocky shore (24.9 ± 82.6 g, median = 4.4 g, IQR = 1.1--16.8) was much greater than on the sandy beach (3.6 ± 48.0 g, median = 0.5 g, IQR = 0.2--1.2), resulting in the mass of rocky shore litter (62.9 ± 13.7 g∙m^−1^∙month^−1^, median = 55.2, IQR = 55.0--67.0) being almost seven times higher than the sandy beach (8.5 ± 8.8 g∙m^−1^∙month^−1^, median = 3.8, IQR = 3.4--11.2).

When daily and monthly clean-ups of the sandy shore were combined, plastics constituted 96% (78% by mass) of sandy beach litter ([Fig. 4](#f0020){ref-type="fig"} ; [Table 1](#t0005){ref-type="table"}). However, the location of the sandy beach chosen for the comparison affected the litter composition (Table S2). During the daily accumulation study, glass fragments were roughly ten times more abundant on the sandy beach immediately adjacent to the rocky shore (number: 5.2 ± 3.0 fragments∙100 m^−1^∙d^−1^, median = 4.8, IQR = 2.8--6.8; mass: 75.5 ± 34.9 g∙100 m^−1^∙d^−1^, median = 62.9, IQR = 48.6--105.1) than the more distant beach (number: 0.4 ± 0.3 items∙100 m^−1^∙d^−1^, median = 0.4, IQR = 0.3--0.5; mass: 8.3 ± 20.4 g∙100 m^−1^∙d^−1^, median = 1.6, IQR = 1.0--4.0). Glass was recorded at both beaches throughout the 10-day study period, with little evidence of a decrease over time.Fig. 4Comparison between the main types of materials collected on the rocky and sandy shores of Muizenberg beach. Proportions are shown based on the total mass (kg) of litter. The large wash up of litter on the rocky shore in November 2017 is shown separately. All sampling events of the rocky shore and sandy beaches have been combined to provide an overall comparison.Fig. 4

In terms of plastics, disposable packaging was the most common type of plastic on both the rocky shore and sandy beach, although non-disposable user items made up a larger proportion by mass ([Table 1](#t0005){ref-type="table"}). The most common type of disposable packaging by count on the sandy beach was food packaging (38% by count, 12% by mass) while bags/packets made up a larger proportion of rocky shore litter (36% by count, 56% by mass; [Fig. 5](#f0025){ref-type="fig"} ). Conversely, rigid packaging items such as bottles/tubs and lids/lid rings made up a larger proportion of sandy beach litter by mass (23% by count, 61% by mass) but a considerably smaller proportion of rocky shore litter (9% by count, 21% by mass; [Fig. 5](#f0025){ref-type="fig"}). Numerically, cotton buds (31% by count, 8% by mass) and straws (35% by count, 15% by mass) were the most common type of disposable user items stranded on the sandy beach, while straws made up the largest proportion of disposable user items by count on the rocky shore (43% by count, 7% by mass). Rope was the most common type of non-disposable user item on the sandy shore (66% by count, 89% by mass) while fishing gear such as monofilament line made up the largest proportion of non-disposable plastics on the rocky shore, at least numerically (45% by count, 20% by mass).Fig. 5The proportion (A) by number and (B) mass of the different types of plastic packaging found on the rocky and sandy shores of Muizenberg beach. The large wash up of litter on the rocky shore in November 2017 is shown separately. All sampling events of the rocky shore and sandy beaches have been combined to provide an overall comparison.Fig. 5

4. Discussion {#s0055}
=============

Beach surveys are one of the most common methods used to quantify spatial and temporal trends in anthropogenic litter ([@bb0190]; [@bb0090]) and have been used to identify important sources of marine debris (e.g. [@bb0075]; [@bb0160]). However, in comparison to sandy beaches, little is known about the types or amounts of litter accumulating on rocky shores ([@bb0025]). Our monthly litter collections reveal that the rocky intertidal zone immediately adjacent to Muizenberg beach is an important sink for anthropogenic litter. Excluding the large wash up in November 2017, close to 240 items weighing over 4 kg were collected per 100 m of rocky shore per month, of which 74% were plastic. The most common type of plastic was packaging, particularly bags/packets and single-use convenience food packaging such as chip packets and sweet wrappers. While some of this might have been left by beach goers or washed up from at-sea activities ([@bb0010]), the peak in litter loads in autumn -- which is the start of the rainy season -- suggests that most litter is transported by urban run-off, particularly from storm drains, which are a major source of litter into the coastal seas surrounding Cape Town ([@bb0245]). To stop this flow of litter from land to sea, it is important that street cleaning practices within the City of Cape Town are improved and litter traps need to be installed in rivers, canals, catch-pit openings and over stormwater outlets ([@bb0005]; [@bb0245]).

The monthly and daily sampling of two nearby sandy beaches revealed that the litter profiles of the rocky and sandy shores were markedly different. While plastics were numerically dominant on both rocky and sandy shores, the abundance of glass and other dense non-plastic litter items (e.g. building materials, tyres) on the rocky shore meant that plastics constituted only 31% of litter by mass on the rocky shore. Almost all of the glass found on the rocky shore was fragments of bottles which were either broken on the rocks by beach goers, or which washed ashore and were smashed on the rocks. Similarly, [@bb0150] found four times more glass on rocky shores than sandy beaches in California. In Australia, [@bb0255] attributed the higher abundance of glass on beaches with rocky substrata to the glass breaking into smaller pieces as it is washed onto rocks. This grinding effect has been suggested for other anthropogenic material ([@bb0080]; [@bb0225]) and was recently demonstrated experimentally for plastics by [@bb0040]. As these smaller pieces become trapped between or under rocks, they become less visible which may lead to litter loads on rocky shores being underestimated ([@bb0225]). However, the daily 'arrival' of worn glass fragments on the adjacent sandy beaches indicates that there is a reservoir of buried glass, some of which is exposed by wave action each day (cf. [@bb0250]). It is likely that at least some of the glass and other litter items on the rocky shore were also buried by sand in some months and exposed in others. This is supported by the large mussels found on some sand-filled 'brick bags' which could not have attained these large sizes within 28 days ([@bb0235]; [@bb0175]). As a result, not all monthly accumulation data necessarily reflected the litter being deposited in that month.

Although plastic packaging was commonly found on both the rocky and sandy shorelines at Muizenberg, different types of packaging dominated the two shores. Rigid packaging such as lollipop sticks, lids and lid rings made up a larger proportion of packaging stranded on the sandy beaches than the rocky shore, whereas larger flexible plastics such as bags/packets were more common on the rocky shore. This is probably because rigid plastics are less likely to become trapped in the rocky intertidal zone, while large bags/packets are more easily entangled in seaweed, wrapped around rocks or trapped in sandy crevices. The differences in litter types found on the rocky shore and sandy beaches confirm that rocky shores differ functionally from sandy beaches when it comes to litter retention in the intertidal zone.

While there were notable differences in the types of litter found on the different shorelines, the rocky shore studied here may not be representative of other rocky shores for several reasons. Firstly, we intentionally excluded the high shore strandline as we were interested in the types of anthropogenic debris trapped in the intertidal zone. This explains the lower density of expanded polystyrene found in our study compared to the rocky shores surveyed by [@bb0225] who included the high shore strand line. Expanded polystyrene is lightweight and buoyant and tends to accumulate high on the shore. Including the high strandline would have increased the proportion of plastics found in our study site, at least in terms of the numbers of items. Secondly, the rocky shore surveyed here is immediately adjacent to a popular recreational sandy beach. Numerous surfing items were found on the rocky shore (skegs, leashes, etc.), and other litter from beach goers could have been blown or washed onto the rocky shore (e.g. clothing, towels). Our study area is thus not representative of more isolated rocky areas, which are less influenced by sandy beaches. The proximity to the sandy shore also meant that there were patches of sand interspersed between the rocks. Many of the bags and packets collected during our monthly surveys were found buried in this sand ([Fig. 2](#f0010){ref-type="fig"}) and the abundance of these items may be higher in our study site than rocky shores further away from sandy beaches. More research is needed to improve our understanding of the types of litter typically trapped on rocky shorelines.

Several factors argue against routine long-term monitoring of litter on rocky shores as a tool to track marine litter ([@bb0205]). Our results suggest that rocky shores are more selective in the types of litter they retain than sandy beaches and are thus less representative of litter at sea. Also, litter is more difficult to locate and collect on rocky shores, and the results obtained are hard to compare with sandy beach data, making it harder to interpret spatial or temporal patterns. However, repeated sampling at the same site allows us to detect rare events. The exceptionally high litter loads found in our study area in November 2017 have not been observed again, despite more than 50 monthly clean-ups. However, this rare event suggests that environmental litter loads in False Bay may be higher than previously thought ([@bb0165]). Given that most of the litter collected in this month was small pieces of plastic and that over half were negatively buoyant, it is likely that most of the litter stranded in November 2017 was from the seafloor of False Bay and was washed ashore by a local upwelling event. In support of this, daily surveys in the surf zone of Muizenberg beach showed that litter loads tended to peak 1--3 days after northwest winds, which drive local upwelling events ([@bb0165]). The wash-up on 17 November 2017 was preceded by several days of moderate south-easterly winds (13--16 November), but west to north-westerly winds blew between 10 and 12 November, with moderate to strong north-westerly winds on 11 and 12 November, which might have pushed bottom litter onto the shoreline ([@bb0256]). While most floating litter released into coastal seas is likely to strand on local beaches ([@bb0255]; [@bb0050]; [@bb0180]), the large stranding event in November 2017 suggests that plastic items made from polymers more dense than seawater sink to the bottom of False Bay and are occasionally washed back up onto local beaches ([@bb0035]).

The effects of plastic pollution on rocky intertidal habitats and the organisms inhabiting these areas remain largely unknown, although the high densities of organisms on rocky intertidal shores are likely to result in a diverse range of interactions. Some litter is retained in the intertidal zone through entanglement with seaweeds and other biota. It is possible that such entanglement increases the risk of sessile organisms being displaced by wave-induced drag. Even less is known about plastic ingestion by intertidal organisms. A recent study in Madeira (north east Atlantic) showed that plastics can form 'plasticrusts' over volcanic rocks and recorded high densities of the gastropod *Tectarius striatus* on these crusts ([@bb0095]). *T*. *striatus* is a grazer that feeds by scraping diatoms and algae off rocks ([@bb0095]). By grazing on these plasticrusts, it may ingest microplastics and thus act as a vector for microplastics and their associated chemicals into higher trophic levels ([@bb0220]). Plastic bags have been shown to smother sandy beaches and give rise to anoxic conditions ([@bb0100]) and could do the same on rocky shorelines, especially if litter loads increase in the future ([@bb0120]). Interestingly, we found many flexible packages with tiny entrance holes which had filled completely with sand, forming hard 'brick bags'. These provided a firm substrate for the attachment of sessile marine organisms and may facilitate recruitment of some species, similar to the artificial reefs that have been built in many parts of the world using hard anthropogenic litter, particularly scrap tyres ([@bb0055]) and pieces of concrete ([@bb0045]). These diverse interactions warrant further investigation, although it must be noted that the organisms living on rocky intertidal shores have evolved to survive in a very challenging environment, both in terms of physical and biotic conditions.

5. Conclusions {#s0060}
==============

Litter trapped in the rocky intertidal zone next to a popular recreational beach differed considerably from that on adjacent sandy beaches in False Bay, South Africa. This difference resulted in part from local inputs of heavy litter items (e.g. glass, building materials) but also from differential retention of litter washing ashore due to the physical structure of the shoreline, combined with sand inundation and biotic interactions with litter items. Although routine monitoring of rocky shore litter is not recommended for tracking litter at sea, it can provide novel insights into litter dynamics. A mass stranding event of mostly dense plastic items in one of \>50 sampling events indicated the occasional upwelling of seabed plastics onto the coast. Our study also provides a baseline against which future changes in rocky shore litter can be assessed.
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